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Description 

The invention relates to a low-pressure mercury vapour discharge lamp having a very satisfactory 
colour rendition, a colour temperature of the emitted white light in the range of 2300 to 3300 K and a color 
5 point on or near the Planckian curve and provided with a gas-tight radiation-transparent envelope 
containing mercury and rare gas and with a luminescent layer containing a luminescent halophosphate 
and a luminescent material activated by bivalent europium. 

The expression ''a very satisfactory colour rendition" is to be understood to mean in the present 
description and the appended claims that the average colour rendering index R(a,8) (average value of the 
fo rendering indices of eight test colours as defined by the Commission Internationale d'Eclairaoe- 
Publication CIE, No. 13.2 (TC-3.2), 1974) has a value of at least 85. * 

The colour of visible radiation is characterized by the colour coordinates (x.y) determining the colour 
point in the colour triangle (see Publication CIE, No. 15 (E-1.3.1), 1971). Lamps for general illumination 
purposes should emtt light which can be considered to be white. White radiation is found in the colour 
,5 triangle at colour points located on the Planckian curve. This curve, which is also designated as the curve of 
the black body radiators and which will be denoted hereinafter as the curve P, comprises the colour points 
of the radiation emitted by a completely black body at different temperatures (the so-called colour 
temperature). A given colour temperature is allotted not only to a given point on the curve P, but also to 
radiation having colour coordinates located on a line intersecting the curve P at that point (see the said 
20 Publication CIE, No. 15). If this radiation has a colour point near the curve P, this radiation is also considered 
as white light having this given colour temperature. In the present description and the appended claims 
the expression "a colour point near the curve P" is to be understood to mean that the distance of the colour 
point from the point on the curve P having the same colour temperature is at most 20 MPCD. MPCD 
(Minimum Perceptible Colour Difference) is the unit of colour difference (see the Publication of J J 
25 Rennilson in Optical Spectra, October 1980, page 63). 

A large number of embodiments of low-pressure mercury vapour discharge lamps which have been 
known for tens of years and are frequently used each contain a luminescent material chosen from the 
group of the alkaline earth metal halophosphates activated by Sb^'* and Mn2\ These lamps have the 
advantage that they are inexpensive and emit a satisfactprily high luminous flux. A great disadvantage of 
30 these lamps, however, is that their colour rendition leaves much to be desired. They generally have R(a,8) 
values of the order of 50 to 60 and only in lamps at a high colour temperature (for example 5000 K) is a 
value of R(a,8) of approximately 75 reached, which is not yet considered to be a satisfactory colour 
rendition. 

Lamps with which a very high colour rendition is reached have been known for a long time. These 

35 lamps are provided with special luminescent materials, t.e, a tin-activated red-luminescing material on the 
basis of strontium orthophosphate mostly combined with a blue-emitting halophosphate activated by 
Sb *, in particular such a strontium halophosphate. The said strontium orthophosphate luminesces in a 
very wide band which extends into the deep red. These known lamps have the disadvantage inherent in the 
use of the said strontium orthophosphate of a comparatively small luminous flux and of a poor 

40 maintenance of the luminous flux during the life of the lamp. It has been found that the tatter disadvantage 
results in that in practice this material can hardly be used in the case of a higher load by the radiation 
emitted by the mercury discharge. 

A lamp of the kind described in the opening paragraph is known from German Patent Application 
2,848,726. This lamp having a very satisfactory colour rendition contains, like the aforementioned lamp 

45 -type, a red-luminescing tin-activated sti-bntium orthophosphate and further a borate-phosphate activated 
by bivalent europium, which has an emission band with a maximum at approximately 480 nm and a 
half-value width of approximately 85 nm. Preferably, a luminescent alkaline earth metal halophosphate is 
further used in the luminescent layer of this lamp. Due to the use of the luminescent strontium 
orthophosphate, this known lamp again has the disadvantages of a comparatively low luminous flux and in 

50 particular of a poor maintenance of the luminous flux during the life of the lamp. The known lamp further 
has the disadvantage that a very satisfactory colour rendition is reached only at colour'lemperature above 
approximately 3500 K, Embodiments. of the known lamp at very low colour temperatures (below 3000 K) 
are not possible. 

The invention has for its object to provide low-pressure mercury vapour discharge lamps having a very 
55 satisfactory colour rendition at a low colour temperature of the emitted radiation whilst avoiding or 
substantially avoiding the disadvantages of the known lamps. 

For this purpose, according to the invention, a low-pressure mercury vapour discharge lamp of the 
kind meritioned in the opening paragraph is characterized in that the luminescent layer comprises: 

a. at least one luminescent alkaline earth metal halophosphate activated by trivalent antimony and 
so bivalent manganese, having a colour temperature of the emitted radiation of 2900 to 5000 K, 

b. at least one luminescent material activated by bivalent europium, having an emission maximum in 
the range of 470 to 500 nm and a half-value width of the emission band of at most 90 nm, and 

c. a luminescent rare earth metal metaborate activated by trivalent cerium and bivalent manganese, 
having a monoclinic crystal structure, whose fundamental lattice satisfies the formula Ln(Mg,2n,Cd) BgOio! 

es in which Ln represents at least one of the elements yttrium, lanthanum and gadolinium and in which up to 
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20 mol.% of the B can be replaced by Al and/or Ga, which metaborate exhibits red Mn'* emission, 
and in that the lamp is provided with means for absorbing at least in part blue radiation having 
wavelengths below 480 nm. 

Experiments which have led to the invention have surprisingly shown that a very high value for R(a,8) 

$ can also be obtained with an emission which has a considerably narrower band than that of the Icnown 
luminescent strontium orthophosphate, but whose emission maximum is located at substantially the same 
point. It has been found that the emission of rare earth metal metaborate activated by Ce^* and Mn^" is 
very suitable for this purpose. This metaborate is known perse and is described in Dutch Patent Application 
7905680 (PHN 9544) and 8100346 (PHN 9942). It has a fundamental lattice of monoclinic crystal structure 

to according to the formule Ln{Mg,Zn,Cd)BsOio. In this formula Ln is at least one of the elements Y, La and Gd. 
In the borate up to 20 mol.% of the B can be replaced by Al and/or Ga, which, like the choice of the elements 
Mg, Zn and/or Cd, has only little Influence on the luminescent properties. The Ce activator is incorporated at 
an Ln site (and may even occupy all the Ln sites) and absorbs the exciting radiation energy (mainly 254 nm 
in a low-pressure mercury vapour discharge lamp) and transmits it to the Mn activator, which is 

ts incorporated at an Mg (and/or 2n and/or Cd) site. The borate has a very efficient emission originating from 
Mn^* in a band with a maximum at approximately 630 nm and a half-value width of approximately 80 nm. 

In order to obtain values of R(a,8) of at least 85, in a lamp according to the invention the metaborate 
(the material c) has to be combined with a material activated by bivalent europium with an emission 
maximum in the range of 470 to 500 nnri and a half-value width of the emission band of at most 90 nm {the 

20 material b) and with at least one luminescent halophosphate (the material a) chosen from the group of the 
Sb- and Mn-activated alkaline earth metal halophosphates. 

With combinations of the luminescent materials a,, b and c, lamps having a very satisfactory colour 
rendition can be manufactured for colour tennperatures of approximately 3200 K and higher. In order to 
obtain low to very low colour temperatures (down to at least 2300 K), a lamp according to the invention has 

25 to be provided with means for absorbing at least In part blue radiation having wavelengths below 480 nm. 
The use of such means in a low-pressure mercury vapour discharge lamp provided with a luminescent 
material in all cases leads to a shift of the colour point of the radiation emitted by the lamp because the blue 
radiation originating from the mercury discharge and, as the case may be, also the blue radiation 
originating from the luminescent material are absorbed at least in part. This shift of the colour point due to 

30 blue absorption makes it possible to obtain colour temperatures In the range of 2300 — 3300 K. with lamps 
according to the invention, as will be explained more fuHy hereinafter. 

An advantage of the lamps according to the invention is that the luminescent materials used are very 
efficient so that high luminous fluxes can be obtained. It has further been found that these materials exhibit 
a very favourable lamp behaviour. This means that when provided in a lamp, they retain their favourable 

35 luminescent properties and that they exhibit only a low decrease in luminous flux during the iife of the 
lamp. This is also the case with a comparatively high radiation load, for example in lamps having a small 
diameter, for example 24 mm. It should be noted that the use of the known luminescent strontium 
orthophosphate— due to the strong decrease in luminous flux, especially at high loads — in practice mostly 
has remained limited to lamps having a large diameter (36 mm). 

40 It has further been found that the use in lamps of the said metaborate leads not only to very high values 
for the general colour rendering index R{a,8), but also to a very satisfactory rendition of a very large 
number of individual object colours. This results in that with lamps according to the invention, errors in the 
colour rendition due to disruption of metamery are completely or substantially completely avoided. 
Preferably, a lamp according to the invention is characterized in that the luminescent material further 

45 contains a luminescent material activated by trlvalent terbium {material d) which exhibits a green Tb^* 
emission. The use of the Tb-activated luminescent materials has the advantage that a larger colour 
temperature range for the lamps according to the invention becomes possible. In general, such a material 
is very desirable if lamps having a comparatively low colour temperature (from 2300 K) with the said high 
value of R(a,8) should be obtained. Apart therefrom it has been found that also for higher colour 

so temperatures, generally the most favourable results are obtained if a material with Tb emission is used. 
The Tb emission yields an additional degree of freedom, as a result of which optimization becomes more 
readily possible. Furthermore, the use of Tb-activated luminescent materials has the advantage that such 
green-luminescing materials are generally very efficient and contribute significantly to the luminous flux 
emitted by the lamp. As the material d use may be made, for example, of the known Tb-activated 

55 cerium-magnesium alumlnates {see Dutch Patent Specification 160,869 (PHN 6604) or cerium aluminates 
(see Dutch Patent Application 7216765 (PHN 6654), which aluminates have a hexagonal crystal structure 
related to magneto-plumbite. It is also very advantageous to use a Ce- and Tb-activated metaborate whose 
fundamental lattice is the same as that of the metaborates with red Mn'* emission {the material c). In these 
known borates (see the afore mentioned Dutch Patent Applications 7905680 and 8100346) Ce and Tb are 

BO incorporated at an Ln site and the exciting radiation is absorbed by the cerium and transmitted to the 
terbium activator. The said Tb-activated materials all have a very favourable lamp behaviour and especially 
a satisfactory maintenance of the high luminous flux during the operation of the lamps. 

A preferred embodiment of a lamp according to the invention is characterized in that the luminescent 
metaborate c is further activated by trivalent terbium, the metaborate c being at the same time the material 

55 d, and satisfies the fornnula 
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(YXa,Gd),.,.aCe,Tba(Mg,?n,Cd),-,Mn„B50,o 

in which 



5 COI^^fsSl-g 

O.OKg^O.75 
0.01^h^0.30 

and in which up to 20 mpl.% of the B can be replaced by A! and/or Ga. This lamp has the great advantage 
70 that both the red Mn^* emission and the green Tb^- emission are supplied by one luminescent material 
Thus, the production of the lamps is of course simplified because a smaller number of luminescent 
materials are required. In these lamps, the desired relative red Mn^* and green Tb^* contributions can be 
adjusted by varying the concentrations of Mn and Tb In the metaborate. The value of the said relative 
contributions depends upon the desired colour point of-the lamp, upon the luminescent materials a and b 

IS used and upon the extent of absorption of blue radiation. It is possible to prepare and to optimize one 
luminescent metaborate. in which the ratio of Mn** to the Tb^* emission has a value near the average 
desired value and to carry out a correction in a given lamp application (depending upon the desired colour 
pomtl either with a small quantity of a red-or deeper red-luminescing metaborate or with a small quantity 
of a green-or deeper green-luminescing Tb-activated material. Of course, it is alternatively possible to 

20 optimize two luminescent metaborates. with which. lamps having any desired colour temperatures can be 
obtained by the use of suitable mixtures of these two materials. 

In a lamp according to the invention, the means for absorbing blue radiation can be constituted by the 
radiation-transparent envelope of the lamp. The envelope of the known low-pressure mercury vapour 
discharge lamps for general illumination purposes consists of glass which transmits visible radiation and 

25 has an absorption edge at 280—310 nm. This means that the usual glass does not substantially transmit 
ultraviolet radiation having wavelengths smaller than 280—310 nm. It has been found that glasses having 
an absorption edge at approximately 430—470 nm can be advantageously used for the glass envelope of 
lamps according to the invention. These yellow-coloured filter glasses, whose absorption properties can be 
influenced within certain limits by means of the glass composition, are known perse. It is also possible to 

30 use the conventional glass as lamp envelope for lamps according to the invention, in which event the 
absorption properties are obtained by providing a suitable lacquer layer on the envelope. 

In an advantageous embodiment of a lamp according to the invention, the means for absorbing blue 
radiation are constituted by a yellow pigment. The use of yellow pigments in low-pressure mercury vapour 
discharge lamps is known perse, A very suitable pigment is the known nickel titanate (titanium dioxide 

35 containing small quantities of nickel oxide). The desired absorption properties of such a pigment can be 
adjusted by mixing this pigment with a white substance (for example barium sulphate). These pigments 
have the advantage that they generally are satisfactorily resistant to the mercury discharge. 

The yellow pigment can be mixed with the luminescent materials of the luminescent layer. This has the 
advantage that the lamp can be manufactured in a simple manner because the luminescent materials can 

40 be provided in the lamp together with the pigment in one processing step. 

It is alternatively possible to provide the pigment on the inner side of the lamp envelope as an 
absorption layer on which the luminescent layer is applied on the side facing the discharge. Such a double 
layer has the advantage that higher relative luminous fluxes can generally be obtained with the lamp. 
A lamp according to the invention is to be preferred which is characterized in that the means for 

45 absorbing blue radiation are constituted by a luminescent aluminate activated by trivalent cerium havirio a 
garnet crystal structure according to the formula 

M3_,CeiAl5_„.pGa,SCpO„, 

so in which M is at least one of the elements yttrium, gadolinium, lanthanum and lutetium and in which 

. 0.0l2Sj«0.15 
0^k:S3 
O^sp^l. 



55 



The said garnet is a luminescent material known perse (see, for example, Appl. Phys. Letters 7 7 53 
(1967) and J. 0. S. A.. 55, No. 1 60. 1969), which absorbs besides short-wave ultraviolet radiation especially 
also radiation having wavelengths between approximately 400 and 480 nm. The emission of this garnet 
consists of a wide band (half-value width approximately 110 nm) with a maximum at approximately 560 
60 nm. The use of this luminescent garnet in lamps according to the invention as means for absorbing blue 
radiation has the great advantage that the absorbed radiation is not lost, but is converted into useful 
radiation with a high efficiency. Consequently, high luminous fluxes can be obtained. As appears from the 
aforementioned formula and conditions, as cation M one or more of the elements Y. Gd, La and Lu can be 
used in the garnet and the aluminium can be replaced within the aforementioned limits in part by gallium 
ss and/or scandium. The Ce activator replaces part of the M and is present in a concentration of 0.01 to 0.15 
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Ce contents lower than the said lower limit in fact lead to materials having an insufficient blue absorption. 
The Ce content is chosen to be not larger than 0.15 because with such high contents the garnet is not 
formed to a sufficient extent and undesired subphases are obtained. 

Preferably, such a lamp according to the invention Is characterized in that M In the garnet is yttrium and 

5 in that the garnet does not contain Ga and Sc (k=p=0). Such materials in fact have the most favourable 
absorption properties and yield the highest luminous fluxes. 

In an advantageous embodiment of a lamp according to the Invention, the garnet activated by Ce'* Is 
mixed with the reniaining luminescent materials of the luminescent layer. In fact such a lamp can be 
manufactured in a simple manner because the absorption means can be providecfin the lamp together with 

10 the luminescent layer in one processing step. 

In another embodiment of a lamp according to the invention, the garnet activated by Ce'* is provided 
on the inner side of the lamp envelope as an absorption layer, on which the luminescent layer is disposed 
on the side facing the discharge. Especially at very low colour temperatures, higher luminous fluxes can be 
obtained with such lamps than In the case of the use of a mixture of the luminescent materials and the 

fs garnet. 

^ A very advantageous embodiment of a lamp according to the invention is characterized in that material 
6 is a luminescent aluminate activated by bivalent europium corresponding to the formula 

Sri.,.,Ca,EurAI,0,i,.„ 

20 

in which 

0=sq^0.25. ■ 
0.001 <r<0.10 and 
25 2^s<5, 

which aluminate has its emission maximum at 485--495 nm and has a half-value width of 55—75 nm. The 
colour point of the radiation emitted by such an aluminate has the coordinates x=0.152 and y=0.360. The 
said luminescent strontium aiuminates are described more fully in Dutch Patent Application 8201943 {PHN 
30 10347). They fully satisfy the imposed condition of an emission having a comparatively narrow band with a 
maximum iri the range of 470 to 500 nm. Furthermore, these materials luminesce very efficiently and can 
be subjected for a long time to high loads In lamps and then exhibit only a very small decrease in luminous 
flux. 

Another favourable embodiment of a lamp according to the invention Is characterized in that the 
55 material 6 is a luminescent aluminate activated by bivalent europium corresponding to the formula 

Bai-t.,Sr,Eu^l.Oi;,.„ 

in which 

40 

0^t<0.25, 
0.005^r^0.25 and 
5<s:Sl0, 

4S which aluminate has its emission maximum at 475 — 485 nm and has a half-value width of 70— 90 nm. The 
colour point of the radiation emitted by such a barium aluminate has the coordinates x=0.161 andy=0.242. 
These luminescent barium aiuminates are described more fully in Dutch Patent Application 8105739 (PHN 
10220). These aiuminates also fully satisfy the condition of an emission having a comparatively narrow 
band with a maximum in the range of 470—500 nm. These materials are very efficiently luminescing 

so materials which, have a high maintenance of the luminous flux during the life of the lamp and can be 
subjected to high loads in lamps. 

A still further advantageous embodiment of a lamp according to the Invention is characterized In that 
the material 6 is a luminescent borate phosphate activated by bivalent europium corresponding to the 
formula 

S5 

m{Sr,.v-w-«Ba^CawEuJO ■ n-nlPjOs • nlBjOg), 



0^v<0.5 
O^w^O.2 
0.001:Sz:S0.15 
1.75<m:52.30 
0.05^n:S0.23, 

55 which borate phosphate has its emission maximum at 470—485 nm and has a half-value width of 80—90 



in which 

60 
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nm. The colour point of the radiation emitted by such a borate phosphate has the coordinates x=0.191 and 
y=0.308. These luminescent borate phosphates are known from the aforementioned" German Patent 
Application 2848726. They have a tetragonal crystal structure and prove to be efficiently luminescing 
materials having an emission which is very suitable for lamps according to the invention. 
5 Embodiments of lamps according to the invention will now be described more fully with reference to 
,the drawings. 

In the drawings, 

Figure 1 shows diagrammatically and in sectional view a low-pressure mercury vapour discharge lamp 
according to the invention, 
JO In Figure 1 , reference numeral 1 denotes the glass wall of the low-pressure mercury vapour discharge 
lamp. At the ends of the lamp are arranged electrodes 2 and 3 between which the discharge takes place 
during operation of the lamp. The lamp is provided with rare gas which serves as ignition gas and further 
with a small quantity of mercury. The lamp has a length of 120 cm and an inner diameter of 24 mm and is 
intended to consume during operation a power of 36 W. The wall 1 is coated on the inner side with a 
75 luminescent layer 4 which comprises the luminescent materials a, b, c and, optionally d. The layer 4 further 
comprises means for absorbing blue radiation in the form of a quantity of garnet mixed with the 
luminescent materials. The layer 4 can be provided on the wall 1 in a conventional manner, for example, by 
. means of a suspension comprising the luminescent materials. 

For further explanation reference is now made to Figure 2 of the drawings. In this Figure, a part of the 

20 colour triangle is represented in the (x,y) colour coordinate plane. The x coordinate is plotted on the 
abscissa and the y coordinate of the colour point is plotted on the ordinate. Of the sides of the colour 
' triangle itself, on which the colour points of monochromatic radiation are located, only the part indicated 
by M is visible in Figure 2. The Figure shows the Planckian curve designated by P. Colour points of constant 
colour temperature are located on lines intersecting the curve P. A number of these lines are drawn and 

25 mdicated by the associated colour temperature: 2300 K. 2500 K, . . . 5000 K. In Figure 2, numerals and letters 
further designate the colour point of a number of lamps and luminescent materials. In the present 
description and the appended claims, the expression "colour point of a luminescent material" is to be 
understood to mean the colour point of a low-pressure mercury vapour discharge lamp which has a length 
of approximately 120 cm and an inner diameter of approximately 24 mm and is operated with a consumed 

30 power of 36 W, which lamp is provided with a luminescent layer which only comprises the said 
luminescent material, the layer thickness being chosen to have an optimum value with regard to the 
relative luminous flux. Therefore, with the colour points of luminescent materials, the influence of the 
visible radiation emitted by a low-pressure mercury vapour discharge itself is invariably taken into account 
It should be noted that the value of the luminous efficiency of the luminescent material as yet has a slight 

35 influence on the location of the colour point. The use of the luminescent materials in other low-pressure 
mercury vapour discharge lamps than the said 36 W-type will generally yield only a very small shift of the 
colour points with respect to those shown here. 

in Figure 2 reference numeral 70 denotes the colour point of a red-luminescing Ce- and Mn-activated 
metaborate having the colour coordinates (x;y)=(0.545; 0.308). Reference numeral 90 denotes the colour 

40 point of a green-luminescing Ce- and Tb-activated metaborate (colour coordinates x=0.323 and y=:0.537). 
The points designated by reference numerals 40. 50 and 60 are the colour points of three luminescent 
materials activated by bivalent europium with an emission maximum between 470 and 500 nm. The graph 
of Figure 2 further includes the colour points of a number of conventional calcium halophosphates emitting 
white light and having different colour temperatures (the points 10, 20 and 30 having colour temperatures 

45 of 2945, 3565 and 4335 K, respectively). Other colour temperatures are possible by variation in the Sb:Mn 
ratio, but also by the use of mixtures of halophosphates. 

If a given luminescent material is used in a lamp together with a means for absorbing blue radiation 
the colour point of the emitted radiation performs a shift due to the blue absorption. In Figure 2, this shift Is 
shown for the luminescent materials indicated above when use is made of an yttrium aluminium garnet 

so activated by Ce * corresponding to the formula Y^CecAUO,^ as blue absorbing means. This garnet is 
provided tn the lamp as an absorption layer on the inner wall of the lamp envelope. The luminescent layer 
comprising the relevant luminescent material is applied to this absorption layer at the surface facing the 
discharge. With the use of the luminescent garnet, the colour point of the lamp is shifted not only due to 
absorption, but also due to the contribution of the garnet emission to the emitted radiation. The value of the 

55 shift depends not only upon the specific composition of the relevant garnet, but of course also upon the 
thickness of the absorption layer. A measure for the absorption of the aforementioned garnet with a given 
layer thickness can be found in the influence exerted by the absorption layer on the colour point of white 
halophosphate, (colour temperature 4335 K, point 30 in Figure 2). In the following Table T, the colour points 
are given of lamps comprising this halophosphate and absorption iayers of the said garnet with different 

60 layer thicknesses. The layer thickness is given in gms per lamp (36 W-type, length 120 cm, diameter 24 
mm). 
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TABLE 1 



Coldur point 


X 


y 


30 


0.368 


0.379 


31 


0.387 


0.408 


32 


0.397 


0.424 


33 


0.406 


0.438 


34 


0.414 


0.451 



Layer thickness garnet in 
gms per lamp 
0 

0.36 
0.60 

10 33 0.406 0.438 0.84 

1.08 

In the first column of Table 1, under the heading "Colour point" the reference numeral of Figure 2 is 

;5 indicated which denotes the colour point in the colour triangle. In Figure 2, the points 30, 31 , 32, 33 and 34 
are interconnected by a line, which clearly indicates the shift. Of the remaining aforementioned 
luminescent materials, whose colour point is indicated in Figure 2, the shift of the colour point is also 
shown with the use of an absorption layer of the same garnet with the same.layer thicknesses (0.36 ... 1.08 
g per lamp). These points are also interconnected by a line for each luminescent material (see 20, 21 22 23 

20 24 and further 10—14, 40—44, 50—54, 60—64, 70—74 and 90—94). * * » f 

With the use of two luminescent materials in a lamp, all the colour points can be reached which are 
located on the connection line of the colour points of the two materials chosen. By way of example, in 
Figure 2 the connection line K of the colour points 70 (red-luminescing Ce- and Mn-activated metaborate) 
and 90 (green-luminescing Ce- and Tb-activated metaborate) is shown. The location of the colour point on 

25 the line K of lamps provided with only the materials 70 and 90 is Invariably determined by the relative 
quantum contributions of the materials 70 and 90 to the radiation emitted by the lamp. The distance of the 
colour point of the lamp (for example the point 80) to the point 70 divided by the distance between the 
points 70 and 90 is in fact proportional to the relative quantum contribution of the material 90 and to the 
relative luminous flux (Im/W) produced by the material 90 if it is provided in the lamp as the only 

30 luminescent material and further inversely proportional to the y coordinate of the colour point of the 
material 90. An analogous relation applies to the distance of the colour point 80 to the point 90. With the 
use of given materials 70 and 90 (for which consequently the relative luminous flux and the y coordinate 
are fixed) therefore only the relative quantum contributions determine the colour point of the lamp. For 
these materials 70 and 90, the required relative quantum contributions are then known if a certain colour 

55 point of the lamp is desired. These quantum contributions are in the first instance a measure of the 
quantities of the materials 70 and 90 to be used. When determining these quantities, the quantum 
efficiency and the absorption of exciting radiation of the materials 70 and 90 and further factors, such as, for 
example, the grain size of the materials used, should be taken into account. In general, it will be desirable to 
check on a few test lamps whether or not the desired relative quantum contributions are attained with a 

40 particular choice of the quantities of the luminescent materials. In Figure 2, the shift of the colour point 80 of 
.a given mixture of the materials 70 and 90 Is indicated if absorbing layers of the aforementioned garnet are 
used in layer thicknesses as stated in Table 1. With a layer thickness of, for example, 0.84 g per lamp, the 
point 83 is attained. By variation in the relative quantum contributions of the red-luminescing and the 
green-luminescing materials, all the colour points on the connection line L of the points 73 and 93 can be 

4S obtained. 

In Figure 2, for Illustration, the colour point u of a lamp according to the invention is indicated, which 
lamp has a colour temperature of 2660 K and a colour point x==0.462 and y=0.409 (substantially on the 
curve P). It appears from the location of the colour point u with respect to the points 70 and 90 of the 
metaborates, the points 10, 20 and 30 of the halophosphates and the points 40. 50 and 60 of the materials 

so activated by Eu^* that the lamp u cannot be manufactured with these luminescent materials if no 
absorption means are utilized. However, this lamp can be obtained with, for example, an absorption layer 
of the aforementioned garnet of 0.84 g per lamp and a combination of the luminescent materials 
mentioned above in connection with the colour points 10. 40, 70 and 90 in Figure 2. Due to the absorption 
layer, the colour points of these materials are shifted to 13, 43, 73 and 93, respectively. If no 

55 green-luminescing materia! (colour point 93) is used, the relative quantum contributions of 13 and 43 are 
fixed. These contributions in fact have then to be chosen so that the colour point u' is reached, w' being 
located on the connection line of 73 with u. By a suitable choice of the relative quantum contributions of 73 
and of the combination u' the colour point u is reached. If as the fourth constituent the green-luminescing 
terbium-activated material is added to the luminescent layer, it is found that the ratio of the relative 

50 quantum contributions of 93 and 73 (93:73) is determined by the chosen ratio of the relative quantum 
contributions of 43 and 13 (43:13). According as the ratio 43:13 is larger, the ratio 93:73 also becomes 
larger in such a manner that the colour point obtained with 93 and 73 lies on the connection line of the 
colour point obtained with 43 and 13 and the point u. The largest ratio of 93:73 with which it is possible to 
reach the colour point u Is indicated in Figure 2 by the point a. In this case, however, the luminescent layer 

65 does not contain any halophosphate. Although with all the ratios 93:73 with colour points between the 
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points 73 and a and located on the connection line L, the colour point u can be obtained by combination 
with 43 and 13, in general not every combination will lead to a lamp with an R(a,8) value of at least 85 
Especially in those cases In which the contribution of the halophosphate is zero or very small, the lamp will 
not satisfy the requirements Imposed. The range of 93:73 ratios with which lamps according to the 

5 invention are obtained can be determined with reference to a few test lamps. It has been found for 
example, that the point b yields for the combination of 93 and 73 a lamp having a colour point u having an 
R(a,8) value of 95. The presence of such a range between 73 and a offers the advantage that optimization of 
the lamp is quite possible. 

For further illustration, data are now given of nine series of lamps according to the invention, which are 

JO all of the 36 W-type described with reference to Figure 1 and in which invariably use is made of an 
absorption layer disposed on the inner wall of the lamp envelope and consisting of the aforementioned 
garnet Y2.9Ceo.iAl50i2. The luminescent layer disposed on the absorption layer comprises a mixture of 
luminescent materials chosen from the group of materials indicated irr Table 2. Table 2 gives for each 
material a number by which the material will further be indicated, the formula, the colour coordinates x and 

,5 y of the relevant material and the relative luminous flux r] (in lumenAA/) obtained if the material (as the only 
luminescent material) is provided in lamps of the 36 W-type. Numbers 400, 500 and 600 are 
blue-luminescing materials activated by Eu*'; numbers 100, 200 and 300 are luminescent halophosphates* 
numbers 701 to 708 inclusive are Ce-, Tb- and Mn-activated metaborates and number 700 is a Ce- and 
Mn-activated metaborate. 

20 

TABLE 2 





Nr. 


Formula 


X 


y 


n 




400 


Sro.oeEUo.ojAlj.jOe.js 


0.151 


0.364 


82 


2S 














500 


2(Sro.fliEUo.o60) • 0.833PaOs • Q.167B203 


0.191 


0.308 


77 




600 


Bbo.ssEuo.osAIs.ioOis.is 


0.161 


0.238 


66 


30 


100 


Caa.asCdczlPOcleFi.yClo.*; Sbo.125Mno.35 


0.437 


0.402 


84 




200 


Ca9.454Cdo.o4(P04)6Fi.69Clo.2ee; Sbo.ogMnQ^jB 


. 0.402 


0.389 


86 




300 


Ca9.524Cdo.o4(P04)6Fi.73Clo.226; Sbo.oflMnQ.ias 


0.368 


0.379 


82 


35 














708 


Ceo.2Gdo.BTbo.2Mgo.95Mno.o5B50,o 


0.477 


0.390 


56 




707 


Ceo.sGdo.6Tbo.2Mgo.94Mno.o6B50,o 


0.488 


0.378 


54 


40 


706 


Ceo.2Gdo.GTbo.2Mgo.93Mno.o7B60,o 


0.498 


0.363 


50 




705 


Ceo.2Gdo.BTbo.2Mgo.92Mno.o8B50io 


0.508 


0.356 


48 




704 


Ceo.2Gdo.TTbo.,Mgo.92Mno.oflB50,o 


0.513 


0.351 


46 


45 












i 


703 


Ceo.aGdo.BTbo.2Mgo.fli Mno,o9B50,o " 


0.518 


0.345 


46 




702 


Ceo.2Gdo.6Tbo.2Mgo.9oMno*.ioB50io 


0.523 


0.342 


41 


50 


701 • 


Ceo.2Gdo,eTbo.2Mgo.8BMna,,2B50io 


0.530 


0.334 


40 




700 


Ceo.2Gdo.flMgo.8aMno.iaB50io 


0.545 


0.309 


34 



For each of the said nine series of lamps, there is indicated hereinafter in Tables 3 to 1 1 1nclusive which 
5S values of R(a,8) are reached. In the heading of each Table, the colour temperature Te and the colour 
co-ordinates x and y of the relevant lamps are indicated. Furthermore, it is indicated therein which 
blue-luminescing material activated by Eu^* and which halophosphate (from Table 2) are used. The vertical 
columns relate to the luminescent metabqrate (indicated by the number from Table 2) which is used in the 
lamp. The horizontal lines in the Tables each relate to a given layer thickness of the garnet absorption layer 
60 (expressed in g per lamp). If for a given combination of garnet layer thickness and luminescent metaborate 
no value for R(a,8) is indicated in the Tables, this means that the relevant lamp with a value R{a,8) of at least 
85 could not be obtained. By way of example, in both Tables 3 and 7 for a given combination of the 
luminescent materials there is indicated in the Tables which results are attained if the garnet absorption 
layer is replaced by an absorption layer of the yellow pigment nickel titanate. In general it has been found 
ss that a slightly higher R(a.8) value is possible, but at the expense of the relative luminous flux. 
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to 



IS 



20 



2S 



30 



35 



40 



TABLE 3 

Lamps with Tc=2660 K x=0.462 y=0.409 
With lum. materials Nos. 400 and 100 
Values of R{a,8| 



Layer thickness 
garnet (g per lamp) 

0.36 

0.42 

0.48 

0.54 

0.60 



1.02 
1.08 
1.14 
1.20 



708 
87 
88 



707 



706 



Luminescent metaborate No. 



705 



704 



86 

91* 

90 



87 



703 702 



0.66 


92 


89 


87 


85 




0.72 


94 


94 


92 


90 


89 


0.78 


P9 


94 


95 


94 


94 


0.84 




90 


. 93 


94 


95 


0.90 






88 


. 92 


92 


0.96 








87 


88 



701 



87 
91 
95 
94 
92 
87 



700 



88 
92 
95 
94 
92 
89 
85 



* Relative luminous flux 64 lumenAV. 
If with the same combination of luminescent materials (400, 100 and 707), the garnet layer is 
replaced by a nickel titanate absorption layer {thickness 0.1 15 mg/cm^), a relative luminous flux of 58 
Im/W and an R(a,8) value of 93 is found. 
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50 



55 
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IS 



20 



25 



30 



35 



40 



45 



SO 



55 



60 



TABLE 4 

Lamps with Te=2660 K x=0.462 y=0.409. 
With lum. materials Nos. 400 and 200- 
Values of R(a,8). 



Layer thickness, 
garnet (g per lamp) 

0.42 

0.48 

0.54 

0.60 

0.66 

0.72 

0.78 

0.84 

0.90 

0.96 

1.02 

1.08 

1.14 

1.20 



708 
87 



807 



706 



Luminescent metaborate No. 



705 



704 



703 



702 701 



91 



85 
92 
92 



87 



93 


90 


87 


. 86 




92 


95 


93 


93 


89 


86 


91 


94 


94 


95 






89:. 


90 


94 
89 



TABLE 5 

Lamps with Tc=2660 K x=0.462 y=6.409. 
With lum. materials Nos. 400 and 300 ' 
Values of R(a,8) 



Layer thickness 
garnet (g per lamp) 

0.78 

0.84 

0.90 

0.96 

1.02 

1.08 

1.14 

1,20 



Luminescent metaborate No. 
708 707 706 705 704 703 702 

92 85 

86 93 

88 



90 
93 
85 



85 
93 
92 



92 
93 
86 



701 



88 
95 
92 
85 



700 



86 
.91 
93 
93 
90 
87 



700 



89 
95 
93 
89 



65 



10 



0 124 175 



70 



15 



20 



25 



30 



35 



BO 



65 



TABLE 6 

Lamps with 1^=2930 K x=0.439 y=:0.400. 
With lum. materials Nos. 400 and 100 
Values of R(a,8) 



' Layer thickness 
garnet (9 per lamp) 

0.24 

. 0.30 

0.36 

0.42 

0.48 

, 0.54 

0.60 

0.66 

0.72 



708 
86 



Luminescent metaborate No. 



707 


706 


705 


704 


703 


702 


701 


88. 














94 


85 












89 


92 


89 


87 


85 








95 


94 


92 


. 90 


. 90 


88 




90 


95 


96 


95 


95 


93 






90 


93 


95 


95 


96 








87 


91 


91 


94 










85 


86 


90 



TABLE 7 

Lamps with Tc=2930 K x=0.439 y=0.400. 
With lum. materials Nos. 400 and 200 
Values of R(a,8) 



Layer thickness 
garnet (g per lamp) 

0.24 

- 0.30 

0.36 . 



708 
89 



707 



Luminescent metaborate No. 



706 



705 



704 



703 



702 



93 



0.72 



701 



87 



700 



86 
91. 
94 
95 
92 



700 



0.42 


89 


85 












0.48 


94 


93* 


90 


87 


86 






45 0.54 


86 


93 


96 


94 


93 


90 




0.60 




86 


90 


94 


95 


96 


88 


0.66 








88 


89 


"93 


93 



95 



* Relative luminous flux 66 Im/W, 
If with the same combination of luminescent materials (400, 200 and 705), the gamet layer is 
replaced by a nickel titanate absorption layer (thickness 0,115 mg/cm^j, a relative luminous flux of 59 
Im/W and an R(a,8) value of 96 are found. 



60 
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TABLE 8 

Lamps with Tc=2930 K x=0.439 y=0.400. 
With lum. materials Nos. 400 and 300 
Values of R(a,8) 





Layer thiclcness 
garnet (g per lamp) 


708 


707 


Luminescent 
706 705 


metaborate No. 
704 703 


702 


701 


700 


70 


0.48 
0.54 






89 
89 


92 


88 












0.60 








89 


94 


93 


92 


88 




IS 


0.66 
0.72 










85 


91 


93 


95 
90 


91 


20 


TABLE 9 

Lamps with: Tc=2660 K x=0.462 y=0.409. 
With lum. materials Nos. 500 and 100 
Values of R(a,8} 












25 


Layer thickness 
garnet (g per lamp) 


708 


707 


Luminescent metaborate No. 
706 705 704 703 


702 


701 


700 




0.42 


95 


















30 


0.48 
0.54 
0.60 


89 
87 


86 
















35 


0.66 
0.72 




90 
91 


86 














40 


0.78 




88 


90 


87 


85 












0.84 






93 


90 


88 


86 


86 








0.90 






92 


93 


92 


90 


89 


87 




45 


0.96 






89 


94 


94 


93 


93 


91 


85 




1.02 








90 


93 


. 95 


95 


94 


88 


SO 


1.08 








86 


90 


93 


93 


95 


91 




1.14 










85 


89 


90 


93 


93 




1.20 














86 


89 


95 
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TABLE 10 

Lamps with 1^=2930 K x«0,439 y=0.400 
With lum. materials Nos. 500 and 200 
Values of R(a,8) 



to 



16 



20 



26 



30 



36 



Layer thickness 
garnet <g per lamp) 


708 


707 


706 


Luminescent metaborate No. 
705 704 703 


707 


701 


/UU 


0.30 


88 


















6.36 


89 


















0.42 




87 
















0.48 




92 
















0.54 




90 


89 


86 












0.60 




85 


93 


90 


88 


86 


86 






0.66 . 






92 


94 


92 


90 


90 


oo 










88 


93 


95 


94 


94 


92 


86 


0.78 








89 


92 


94 . 


95 


95 


90 


0.84 










87 


90 


92 


94 


94 


0.90 












85 


87 . 


90 


95 


0.96 
















86 


94 


1.02 


















91 


1.08 


















87 



65 
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TABLE 11 

Lamps with Tc«2930 K xs*0.439 y»0.400. 
With lum. materials Nos. 600 and 100 
Values of R(a,8) 



10 



15 



20 



25 



30 



35 



Layer thickness 

garnex per lamp/ 


7no 

/Uo 


707 


706 


Luminescent metaborate No. 
705 704 703 


702 


701 


700 




OO 




















fiQ 


















0.54 




















0.60 


R7 


fin 

OO 
















0.66 




*7 1 


03 














0.72 




92 


OO 


86 












0.78 




90 


91 


89 


87 


86 


35 






0.84 




87 


94 


92 


90 


89 


88 


87 




0.90 






93 


94 


93 


92 


91 


90 


86 


0.96 






90 


94 


95 


95 


94 


93 


88 


1.02 






86 


91 


94 


95 


95 


95 


91 


1.08 








88 . 


91 


93 


94 


95 


94 


.1.14. 










87 


90 


91 


93 


95 


1.20 












86 


87 


90 


95 



In the following examples of lamps according to the invention, use was made of luminescent materials 
which have been indicated already in Table 2 and which will be denoted by the number given therein 
Furthermore, the aforementioned garnet {Yj.gCeo.iAIjO,,,) was used as absorption means in the form of an 
40 absorption layer or mixed with the remaining luminescent materials. If not stated othenA^ise the lamps are 
of the type described with reference to Figure 1 (36 W-type). 

Example 1 

A lamp was provided with a garnet absorption layer (1.8 g per lamp) on which a luminescent layer 
45 (layer thickness approximately 4,2 g per lamp) was disposed comprising a homogeneous mixture of 

24.5% by weight of No. 600 

7.3% by weight of No. 100 

7.3% by weight of No. 300 

50 60.9% by weight of No. 700. 

The colour temperature T^ (in K), the colour point (x,y) the colour rendering index R(a,8) and the 
relative luminous flux n.iin ImA/V) of the lamp were measured 

55 Tc=2380 K x=0.486 y=0.412 

R{a,8|«=92 Ti=55 Im/W, 

Example 2 

60 A lamp was provided with a garnet absorption layer (0.9 g per lamp) on which a luminescent layer 
(layer thickness approximately 4.2 g per lamp) was disposed comprising a homogeneous mixture of 

15.1% by weight of No. 400 
27.1% by weight of No. 200 
6$ 57.8% by weight of No. 702. 
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There were measured: 

T,=2670 K x=0.463 y=0.412 
s - R(a,8)-94. . .n«55 Im/W. 

Example 3 

A lamp was provided with a luminescent layer (approximately 4.3 g per lamp) of a homogeneous 
mixture of: 
10 . 

14% by weight of No. 400 
36.3% by weight of No. 100 ' 
49.7% by weight of No. 703. 

js to which was added 4 g of garnet (Y2.9Ceo.,A!50,2) per 100 g of the homogeneous mixture. 
There were measured: 

Tc«2940 K x-0.438 y-0.399 
20 R(a,8)=92 ti=66 Im/W. 

Example 4 

A lamp having a length of 150 cm and an inner diameter of 26 mm suitable for operation at 58 W was 
provided with the same luminescent layer as described in Example 3 (layer thickness approximately 5.4 g 
25 per lamp). 

There were measured: 

Te=3040 K x=0.435 y=0.405 
30 R{a.8)«91 n«67 Im/W. 

Example 5 . 

A lamp was provided with a luminescent layer (approximately 4.3 g per lamp) of a homogeneous 

mixture of: 

35 

17% by weight of No. 400 

35% by weight of No. 100 . 

48% by weight of No. 703 . 

40 to which was added 5 g of garnet per 100 g, of the homogeneous mixture. 
There were measured: 

T,:=3090 K x=0.433 y=0.407 

45 R(a,8)«94 r|=67 Im/W. 

Example 6 . 

A lamp was provided with a luminescent layer (approximately 4.3 g per lamp) of a homogeneous 
mixture of 

50 . 

13.3% by weight of No. 400 

25.6% by weight of No. 100 . 

61.1% by weight of No. 703, 

55 to which was added 7 g of garnet per 100 g of the homogeneous mixture. 
There were measured: 

Te=2690 K x=0.458 y=0.406 
so R(a,8)«96 n«61 Im/W. 



The spectral energy distribution of the emitted radiation of this lamp is shown In Figure 3. In this 
Figure, the wave-length K in rim is plotted on the abscissa. The emitted radiation energy E per wavelength 
65 interval of 5 nm is plotted on the ordinate. 
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Example 7 

A lamp was provided with a luminescent layer (approximately 4.3 g per lamp) of a homogeneous 
mixture of 

5 13.3% by weight of No. 400 

25.6% by weight of No. 100 
61.1% by weight of No. 703, 

to which was added 9 g of garnet per 100 g of the homogeneous mixture. 
70 There were measured: 

Tc=2680 K x=0.462 y=0.412 
R(a,8)»95 Ti-62 Im/W. 

ts Example 8 

A lamp was provided with a first luminescent layer (approximately 1.82 g per lamp} of a homogeneous 
mixture of 99% by weight of No. 100 and 1% by weight of garnet. 

A second luminescent layer (approximately 2.06 g per lamp) was provided on the first layer said 
second layer consisting of a homogeneous mixture of 

20 

12,7% by weight of No. 400 
24.9% by weight of No. 100 
62.4% by weight of No. 707, 

25 to which was added 1.5 g of garnet per 100 g of the homogeneous mixture. 
There were measured: 

Te=2970 K x=0.435 y=0.396 

30 R(a,8)=93 . r)=68 Im/W. ^ 

Example 9 

A lamp W8S provided with a first luminescent layer (approximately 2.02 g per lamp) of a homogeneous 
mixture of 1.77 g of No. 100 and 0.25 g of garnet. A second luminescent layer (approximately 2.13 q tier 
lamp) was provided on the first layer, said second layer consisting of a homogeneous mixture of 

35 

20.5% by weight of No. 400 
35.5% by weight of No. 100 ■ 
44% by weight of No. 703. 

^ There were measured: ' 

Te=3004 K x=0.434 y=0.399 

R{a,8)«95 r)«68 Im/W. 
^5 Example 10 * 

A lamp as described in Example 9 was made, in which however the garnet from the first luminescent 
layer was left out and In which the mass of the first layer was approximately 1.98 g per lamp and the mass 
of the second layer was approximately 2.07 g per lamp. This lamp which did not contain means for 
absorbmg blue radiation (not according to the Invention) gave the following measuring results: 



so 



Tc=3238 K x=0.410 y=0.373 
R(a,8)=92.5 r|=65 Im/W. 



55 Then this lamp was provided at the .outer surface of the envelope with a yellow-coloured polyester 
shrinkage foil (thickness approximately 50 which foil was mainly absorbing radiation having 
wavelengths below 450 nm. In this manner provided with absorption means this lamp according to the 
Invention gave the following measuring results: 

60 Te-3016 K x-0.442 y=0.416 

R{a,8)=92.3 ^ = 58 Im/W. 

Three lamps (Examples 11, 12 and 13) were made of the 36W-type (Figure 1) using the luminescent 
es materials Nr. 100, 400 and 703 as given in table 2. Each lamp contained as absorption means, mixed with 
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the remaining luminescent materialis, a luminescent cerium activated garnet, wherein garnets were used 
having different gallium contents. Increasing the Ga-content In the garnet (by substitution of Al with Gal 
has the effect of shifting the maximum absorption of the garnet in the blue part of the spectrum (400—480 
nm) to shorter wavelengths. All three lamps had colour temperature of appr. 3000 K {x=0 434 and 
S y=0.398). 

Example 11 

A lamp was provided with a luminescent layer (appr. 4.5 g per lamp) of a homogeneous mixture of: 

JO 15.5% by weight of No. 400 
29.6% by weight of No. 100 
54.9% by weight of No. 703, 

to which was added 8. g of the garnet Yj.eCeo.iAUGaOia per 100 g of the homogeneous mixture. 
rs There were measured: R{a,8|=95 n='66 Im/W. 

Example 12 

A lamp was provided with a luminescent layer (appr. 4.5 g per lamp) of a homogeneous mixture of: 

20 13.3% by weight of No. 400 • 
37.5% by weight of No. 100 
49.2% by weight of No. 703, 

to which was added 6.4 g of the garnet Y2.9Ceo.,AI,Ga20,2 per 100 g of the homogeneous mixture. 
25 There were measured:- R(a,8)«94 r|-68 Im/W. 

Example 13 

A lamp was provided with a luminescent layer (appr. 4.5 g per lamp) of a homogeneous mixture of: 

30 13.2% by weight of No. 400 
31.9% by v^eight of No. 100 
54.9% by weight of No. 703, 

to which was added 6,4 g of the garnet Y2,9Ceo.,Al2Ga30,2 per 100 g of the homogeneous mixture. 
55 There were measured: R(a,8)=95 n=66 Im/W. 

Claims 

1. A low-pressure mercury vapour discharge lamp having a very satisfactory colour rendition, a colour 
40 temperature of the emitted white light in the range of 2300 to 3300 K and a colour point on or near the 

Planckian curve and provided with a gas-tight radiation-transparent envelope containing mercury and a 
" rare gas and with a luminescent layer comprising a luminescent halophosphate and a luminescent material 
activated by bivalent europium, characterized in that the luminescent layer comprises: 

a. at least one luminescent alkaline earth metal halophosphate activated by trivalent antimony and 
45 bivalent manganese and having a colour temperature of the emitted radiation of 2900 to 5000 K; 

b. at least one luminescent material activated by bivalent europium with an emission maximum in the 
range of 470 to 500 nm and a half-value width of the emission band of at most 90 nm, and 

c. a luminescent rare earth metal metaborate activated by trivalent cerium and bivalent manganese, 
having a monocllnic crystal structure, whose fundamental lattice corresponds to the formula 

50 Ln(Mg,2n,Cd)BBOio, ^n which Ln is at least one of the elements yttrium, lanthanum and gadolinium and in 
which up to 20 mol.% of the B can be replaced by Al and/or Ga, which metaborate exhibits red Mn^" 
emission, and in that the lamp is provided with means for absorbing at least in part blue radiation having 
. wavelengths below 480 nm. 

2. A lamp as claimed in Claim 1, characterized in that the luminescent layer further contains a 
55 luminescent material activated by trivalent terbium (material cf), which exhibits green Tb^* emission. 

3. A lamp as claimed in Claim 2, characterized in that the luminescent metaborate c is further activated 
by trivalent terbium, the metaborate c being at the same time the material d, and corresponds to the 
formula 

(Y,La,Gd),.,.jCeJbg(Mg,Zn,Cd),.,MnhB50io, 

in which 

O.Ol^f^l-g , ' ' 

0.01^g:S0.75 

0.01:Sh:S0.30 

55 and in which up to 20 mol.% of the B can be replaced by At and/or Ga. 
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4. A lamp as claimed in Claim 1 , 2 or 3, characterized in that the means for absorbing blue radiation are 
constituted by the radiation-transparent envelope of the lamp. 

5. A lamp as claimed In any of Claims 1, 2 or 3, characterized in that the means for absorbing blue 
radiation are constituted by a yellow pigment. 

5 6. A lamp as claimed in Claim 5, characterized in that the pigment is mixed with the luminescent 
materials of the luminescent layer. 

7. A lamp as claimed in Claim 5, characterized in that the pigment is provided on the inner side of the 
lamp envelope as an absorption layer, on which the luminescent layer is disposed on the side facing the 
discharge. 

10 8. A lamp as claimed in any of Claims 1. 2 or 3, characterized in that the means for absorbing blue 
radiation are constituted by a luminescent aluminate activated by trivalent cerium having a garnet crystal 
structure according to the formula M3-,CejAl6.,.pCakScpO,2, in which M Is at least one of the elements 
yttrium, gadolinium, lanthanum and lutetium and in which 

0^k:S3, 
O^p^Sl. 

9. A lamp as claimed in Claim 8, characterized in that IVI is yttrium and k=p=0. * 
20 10, A lamp as claimed in Claim 8 or 9, characterized In that the garnet activated by Ce'* is mixed with 
the remaining luminescent materials of the luminescent layer. 

11. A lamp as claimed in Claim 8 or 9, characterized in that the garnet activated by Ce''* is applied on 
the inner side of the lamp envelope as an absorption layer on which the luminescent layer is disposed on 
the side facing the discharge. 
25 12. A lamp as claimed in any one of Claims 1 to 11 , characterized in that the material 6 Is a luminescent 
aluminate activated by bivalent europium corresponding to the formula Sr,_,.,CacEUrAI,0,j,,i, in which 

0<q<0.25, 
O.OOKr^O.IO and 
30 2^s^S, 

which aluminate has its emission maximum at 485--495 nm and has a half-value width of 5^75 nm. 

13. A lamp as claimed in any one of Claims 1 to 11 , characterized in that the material 6 is a luminescent 
aluminate activated by bivalent europium corresponding to the formula 

35 

Ba,.».,Sr,Eu^l.Oi;sM 

in which 

40 O^t^O.25, 

0.005^r:€0.25 and 
5<s:S10, 

which aluminate has its emission maximum at 475—485 nm and has a half-value width of 70—90 nm. 
45 14. A lamp as claimed in any one of Claims 1 to 11 , characterized in that the material b is a luminescent 
borate phosphate activated by bivalent europium corresponding to the formula 

m(Sr,«v-wrxBavCawEu,0) • {l-nlPaOg • nBaOa, 

so in which 

O^v^O.5 
0^w$0.2 
0.001 :$z^0. 15 

55 1.75^m«2.30 

0.05aSn^0.23, 

which borate-phosphate has its emission maximum at 470—485 nm and has a half-value width of 80— 90 
nm. 

60 

Patentanspruche 

1. Niederdruckquecksilberdampfentladungsiampe mit einer sehr guten Farbwiedergabe, mit einer 
Farbtemperatur des ausgetrahlten weissen Lichis im Bereich von 2300 bis 3300 K und mit dem' Farbpunkt 
65 auf Oder nahe bei der Planck-Kurve, mit einem gasdichten, strahlungsdurchlassigen Kolben. der 
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Quecksilber und Edelgas enthalt. und mit einer Leuchtstoffschicht, die ein leuchtendes Halophosphat und 
einen mit zweiwertigem Europium alctivierten Leuchstoff enthalt, dadurch gekennzeichnet dass die 
Leuchtstoffschicht foigendes enthait: 

a zumindest ein mit dreiwertigem Antimon und mit zwei wertigem Mangan aktivlertes leuchtendes 
5 Erdalkalimetallhalophosphat mit einer Farbtemperatur des ausgestrahlten LIchls von 2900 bis 5000 K; 

b zumindest einen mit zweiwertigem Europium aktivierten Leuchtstoff mit einem Emissionsmaximum 
im Bereich von 470 bis 500 nm und mit einer Halbwertbreite des Emissionsbandes von hochstens 90 nm 
und 

c ein mit dreiwertigem Cer und mit zweiwertigem Mangan aktiviertes leuchtendes Seltenerdmetall- 
w metaborat mit monokliner Kristallstruktur, dessen Grundgitter der Formel Ln(IV!g,Zn,Cd)B50,o entspricht, 
worin Ln zumindest eines der Elemente Yttrium, Lanthan und Gadolinium darstellt und bis zu 20 Mol % des 
B durch Al und/oder Ga ersetzt sein kann und dieses Metaborat rote Mn^*-Emission aufweist, und dass die 
l-ampe mit Mittein zum wenigstens teilweisen Absorbieren von blauer Strahlung mit Wellenlangen unter 
480 nm versehen 1st. • 

J 5 2. Lamps nach Anspruch 1, dadurch gekennzeichnet, dass die Leuchtstoffschicht weiter einen mit 
dreiwertigem Terbium aktivierten Leuchtstoff (Stoff d) enthait, der grune Tb^*-Emisslon aufweist. 

3. Lampe nach Anspruch 2, dadurch gekennzeichnet, dass das leuchtende Metaborat c weiter mit 
dreiwertigem Terbium aktiviert iet, wobei das Metaborat c gleichzeitig der Stoff d ist und nachstehender 
Formel entspricht: 

20 

(Y,La,Gd)i_,.gCe,TbB(Mg2n,Cd),-»,MnhBsOio, 

worin 

25 . O^OKf^Vg 

0,01^g<0,75 
0,01^ShsSO,30, 

und worin bis zu 20 Mol % des B durch Al und/oder Ga ersetzt sein kann. 
30 4. Lampe nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, dass die MIttel zum Absorbieren blauer 
Strahlung durch den strahlungsdurchlassigen Kolben der Lampe gebildet werden. 

5. Lampe nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, dass die MIttel zum Absorbieren blauer 
Strahlung durch ein gelbes Pigment gebildet werden. 

6. Lampe nach Anspruch 5, dadurch gekennzeichnet, dass das Pigment mit den Leuchistoffen der 
35 Leuchtstoffschicht gemischt ist 

7. Lampe nach Anspruch 5, dadurch gekennzeichnet, dass das Pigment an der Innenseite des 
Lampenkolbens als Absorptionsschicht angebracht ist, auf der an der der Entladung zugewandten Seite die 
Leuchtstoffschicht liegt. 

8. Lampe nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet dass die Mittel zum Absorbieren blauer 
40 Strahlung durch ein leuchtendes, mit dreiwertigem Cer aktiviertes Alumlnat mit Granatkristallstruktur der 

Formel Ma.jCejAlg.K-pCafcSCpOig gebildet werden, worin M zumindest eines der Elemente Yttrium, 
Gadolinium, Lanthan und Lutetium daristellt, und worin 

0,01<ja;0,15 . 
45 0sk«3 

OsSp^l. 

9. Lampe nach Anspruch 8, dadurch gekennzeichnet dass M Yttrium und k=p=0 ist 

10. Lampe nach Anspruch 8 oder 9, dadurch gekennzeichnet dass der mit Ce^* aktlvierte Granat mit 
so den iibrigen Leuchtstoffen gemischt Ist 

11. Lampe nach Anspruch 8 oder 9, dadurch gekennzeichnet dass der mit Ce^' aktivierte Granat an der 
Innenseite des Lampenkolbens als Absorptionsschicht angebracht ist, auf der an der der Entladung 
zugewandten Seite die Leuchtstoffschicht liegt 

12. Lampe nach einem oder mehreren der Anspruche 1 bis 1 1, dadurch gekennzeichnet dass der Stoff 
55 b ein mit zweiwertigem Europium aktiviertes leuchtendes Aluminat ist das der Formel 

Sr,„q_,CaqEu,AlsO,;s., entspricht worin 0<q«0,25, 0,001:^r:S0,1O und 2':^s<5 ist und dieses Aluminat sein 
Emissionsmaximum bei 485 . . . 495 nm und eine Halbwertbreite von 55 ... 75 nm hat. 

13. Lampe nach einem oder mehreren der Anspruche 1 bis 11, dadurch gekennzeichnet dass der Stoff 
b ein mit zweiwertigem Europium aktiviertes leuchtendes Aluminat ist das der Formel 

60 Ba,^,_,Sr,Eu,AlsOijs.i entspricht worin 0<t«eO,25, 0,005«^r<0,25 und S^S'^IO ist und dieses Aluminat sein 
Emissionsmaximum bei 475 . . . 485 nm und eine Halbwertbreite von 70 ... 90 nm hat 

14. Lampe nach einem oder nriehreren der Anspruche 1 bis 11, dadurch gekennzeichnet dass der Stoff 
b ein mit zweiwertigem. Europium aktiviertes leuchtendes Boratphosphat ist das der Formel 

65 m(Sri-y-w-,BavCav,Eu,0) - (l-nlPjOs • nBjO, 
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10 



60 



entspricht* worin 



OsSw:€0,2 
0,001^2^0.15 
1J5:Sm^2,30 
0,05^n^0,23, 

und dieses Boratphosphat sein Emissionsmaximum bel 470 . . . 485 nm und eine Halbwertbreite von 80 . 
90 nm hat. 

Revendications 



1. Lampe a decharge dans la vapeur de mercure a basse pression presentant un rendu des couleurs 
fs tr6s satlsfaisant, una temperature de couleur de la lumiere blanche emise dans la gamme de 2300 a 3300 K 

et un point de couleur sur ou pres de la courbe de Planck, munie d'une enveioppe, qui est transparente au 
rayonnement et etanche au gaz et qui contient du mercure et un gaz rare, et d'une couche lumlnescente 
contenant un halophosphate luminescent et un mat6riau luminescent activ6 ^ I'aide d'europium bivalent 
caracterisee en ce que la couche luminescente comporte: 
20 a. au moins un halophosphate de metal alcalino terreux luminescent active a I'aide d'antimoine 
trivalent et de manganese bivalent, presentant une temperature de couleur du rayonnement emis comorise 
entre 2900 et 5000 K, *^ 

b. au moins un materiau luminescent activ6 h I'aide d'europium bivalent pr6sentant un maximum 
d'emission dans la gamme comprise entre 470 et 500 nm et une largeur de la bande d'6mission a mienergie 

25 d'au maximum 90 nm, et 

c. un metaborate de metal alcalino terreux luminescent active ^ Va'ide de cerium trivalent et de 
manganese trivalent. presentant une structure cristalllne monociinique, dont le 'reseau de base repond a la 
formula LndVig.Zn.CdlBsOib, dans laqueile Ln represente au moins I'un des 6l6ments yttrium, lanthane et 
gadolinium et daris laqueile jusqu'S 20% en moles du B peut §tre remplace par Al et/ou Ga, metaborate qui 

30 presente une Emission rouge de Mn^*, et que la lampe est munie de moyens pour absorber au moins 
partiellement, la rayonnement bleu presentant des longueurs d'onde inferieures a 480 nm. 

2. Lampe selon la revendication 1, caracterisee en ce que la couche luminescente contient en outre un 
materiau luminescent active d I'aide de terbium trivalent (materiau d), 6mettant une emission de Tb^* 
verte. 

35 3. Lampe selon la revendication 2, caract6ris6e en ce que le metaborate luminescent c est en outre 
active k I'aide de terbium trivalent, le metaborate c etant egalement le mat6riau d, et satlsfait a la fomiule 

(Y,La,Gd),.|.flCetTbB(Mg,2n.Cd)i.hMnhB50,o. 

4o dans laquelie 

- 0,01:Sf:Sl-g 
0,01^g<0,75 
0,01:sh:e0,30 

45 et dans laqueile jusqu'a 20% en moles du B peut fetre remplac6 par Al et/ou Ga. 

4. Lampe selon la revendication 1, 2 ou 3, caract6ris6e en ce que les moyens pour I'absorption du 
rayonnement bleu sont constitues par une enveioppe transparente au rayonnement de la lampe. 

5. Lampe selon I'une des revendications 1, 2 ou 3. caracterisee en ce que les moyens pour I'absorption 
du rayonnement bleu sdnt constitues par un pigment jaune. 

so 6. Lampe selon la revendication 5, caracterisee en ce que le pigment est melange avec les materiaux 

tuminescents de la couche luminescente. 

7. Lampe selon la revendication 5, caracterisee en ce que le pigment est applique sur la face interieure 

de I'enveloppe de la lampe comme une couche d'absorption. sur laqueile est appiiqu6e la couche 

luminescente du cote situe vis-a-vis de la decharge. 
55 8, Lampe selon I'une des revendications 1, 2 ou 3, caracterisee en ce que les moyens pour I'absorption 

du rayonnement bleu sont constitues par un aluminate luminescent active a I'aide de cerium trivalent et 

presentant une structure cristalllne de grenat r6pondani a la formula 



M3.,CejAl5.,.pGafcScpO,2, 

dans laqueile M est au moins I'un des elements yttrium, radolinium, lanthane et lutetlum et dans laqueile 



a,01^j:S0,15 
6S O^p^l. 
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9. Lampe selon la revendicatlon 8, caracteris6e en ce que M est de ryttrium et k-p=0. 

10. Lampe selon la revendication 8 ou 9, caracterisee en ce que le grenat active a I'aide de Ce^* est 
melange avec les autres materiaux iuminescents de la couche lumlnescente. 

11. Lampe selon fa revendication 8 ou 9. cai-act6r)s6e en ce que le grenat active h I'aide de Ce'* est 
5 applique sur la face interieure de I'enveloppe de la lampe comme une couche d'absorption sur laquelle est 

appliquee la couche lumlnescente du cdte situ^ vis-d-vis de la d6charge. 

12. Lampe selon I'une des revendications 1 d 11,caract(§risBe en ce que le materiau b est un aluminate 
luminescent activ6 k I'aide d'europlum bivalent et r^pondant d la formule 

^0 Sr,.,.,Ca,Eu,AI,On..w 

formule dans laquelle 

0^q=$0,25, 

re 0,001^r:SO,10 et 

2s^S:S5, 

aluminate qui pr^sente son maximum d'emission de 485 k 495 nm et qui pr^sente une demi-largeur de 55 k 
75 nm. 

20 13. Lampe selon I'une des revendications 1 a 1 1, caracterisee en ce que le materiau b est un aluminate 
luminescent active d Talde d'europium bivalent et repondant a ta formule 

Bai_,_rSr,Eu^l,Oij,.v 

2S dans laquelle 

0«t«0.25, 
0,005^r^0,25 et 
5<s^10, 

30 

aluminate qui pr6sente son maximum d'emission a 475 a 485 nm et qui presehte une largeur de bande a 
mi-energie de 70 a 90 nm. 

14. Lampe selon I'une des revendications 1 a 11, caracterisee en ce que le materiau b est un 
phosphate-bo rate luminescent active d I'aide d'europium bivalent et r6pondant ^ la formule 

35 ' 

m(Sr, Ba^Cav^Eu,0){1 -nlPaOfi ■ nBaOa, 

dans laquelle 

40 0^v«0,5 

0<w^0,2 

0,001:S2:SO,15 

0,75sSm«2,30 
. 0,05:$n<0,23, 

45 . 

phbsphate-borate qui presente son maximum d'dmiseion a 470 a 485 nm et une largeur de bande a 
mi-6nerQie de 80 h 90 nm. . 
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